Background: Venous thromboembolism (VTE) is a common complication in patients with cancer. Direct oral anticoagulants (DOACs) have been proved to be effective on anticoagulation therapy in many diseases. However, the efficacy and the safety of DOACs in the secondary prevention of cancer-associated thrombosis (CAT) remain unclear. To assess the value of DOACs in patients with CAT, we performed a systematic review and meta-analysis of randomized controlled trials and prospective cohort studies.
Background: Venous thromboembolism (VTE) is a common complication in patients with cancer. Direct oral anticoagulants (DOACs) have been proved to be effective on anticoagulation therapy in many diseases. However, the efficacy and the safety of DOACs in the secondary prevention of cancer-associated thrombosis (CAT) remain unclear. To assess the value of DOACs in patients with CAT, we performed a systematic review and meta-analysis of randomized controlled trials and prospective cohort studies.
Methods: Medline, Embase, and the Cochrane Library were searched from their earliest date through to June 2018. Two investigators independently assessed eligibility. Data were extracted by one investigator and verified by the second investigator. The efficacy outcome of this study was recurrent VTE, whereas the safety outcome was major and clinically relevant nonmajor bleeding. Relative risks (RRs) and their corresponding 95% confidence interval (CI) were determined. To pool the results, the Mantel-Haenszel fixedeffects or random-effects models were used.
Results: A total of nine articles (six randomized controlled trials and three prospective studies) involving 2,697 patients with CAT who were prescribed DOACs (apixaban, edoxaban, rivaroxaban, or dabigatran) and 2,852 patients who were prescribed traditional anticoagulants [vitamin K antagonists (VKAs) , low molecular weight heparin (LMWH), dalteparin, or enoxaparin] were compared. VTE recurrence in the DOAC group was significantly lower than that observed in the traditional anticoagulant group (RR: 0.60; 95%CI: 0.49-0.75; I 2 : 0%; p < 0.00001). No significant difference in bleeding risk between both groups was found (RR: 0.95; 95%CI: 0.67-1.36; I 2 : 75%; p = 0.79).
INTRODUCTION
Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and pulmonary embolism (PE), is a common complication in patients with cancer. Prior studies have suggested that the risk of VTE in cancer patients could be elevated four to seven times (Timp et al., 2013) . Unfortunately, the management of cancer-associated thrombosis (CAT) is challenging, as these patients have higher risks of both recurrent VTE and major bleeding (MB) events after treatment (Prandoni et al., 2002) . Nowadays, low molecular weight heparin (LMWH) is suggested to be the most useful anticoagulant for CAT (Akl et al., 2014; Farge et al., 2016) (Lee and Peterson, 2013; Lee et al., 2015; Bach and Bauersachs, 2016; Kearon et al., 2016; Khorana et al., 2016) . Vitamin K antagonists (VKAs) are also effective, but their efficacy is influenced by many external factors, requiring repeated blood taking to assess clotting.
In recent years, direct oral anticoagulants (DOACs), including factor IIa inhibitors and factor Xa inhibitors, have been proved to be effective on anticoagulation therapy in many diseases. Compared with LMWH and VKAs, these drugs have advantages such as convenience, as no therapeutic monitoring is required. Although many randomized controlled trials (RCTs) and observational studies have examined the efficacy and safety of DOACs for the secondary prevention of CAT, there are inconsistencies regarding the results of these studies, and thus, the efficacy and safety of DOACs for the secondary prevention of CAT remain unclear. Currently, DOACs are recommended as the secondline therapy for patients who are unable or unwilling to use long-term parenteral therapy (Lee and Peterson, 2013; Lee et al., 2015; Bach and Bauersachs, 2016; Kearon et al., 2016; Khorana et al., 2016) . Therefore, the aim of this systematic review and meta-analysis of RCTs and prospective cohort studies is to assess the efficacy and safety of DOACs for secondary prevention of CAT.
MATERIALS AND METHODS

Search Strategy
A holistic review of the published articles (through the end of June 2018) with limitation to humans was performed by using Medline (PubMed), Embase, and the Cochrane Library database. The search strategies and keywords were as follow: ("new oral anticoagulants" or "direct oral anticoagulants" or "DOAC" or "NOAC" or "new oral anticoagul" or "direct oral anticoagul" or "factor Xa inhibitors" or "rivaroxaban" or "apixaban" or "edoxaban" or "antithrombins" or "direct thrombin inhibitors" or "dabigatran") and ("cancer" or "neoplasm" or "carcinoma" or "adenoma" or "adenocarcinoma" or "lymphoma" or "leukemia") and ("venous thrombosis" or "venous thromboembolism" or "venous thrombos" or "deep venous thrombosis" or "deep venous thrombos" or "pulmonary embolism" or "pulmonary thromboembolism" or "VTE" or "DVT" or "PE"). All our search terms are applied for anywhere in the text.
Study Eligibility
Two authors (YW and HL) independently identified studies eligible for inclusion based on an initial screen of reference titles and abstracts. Studies were considered potentially eligible for this systematic review if they met the following inclusion criteria: 1) Adult patients (age > 18 years) developed CAT and received anticoagulant therapy with DOACs (apixaban, edoxaban, rivaroxaban, or dabigatran); 2) The outcomes were recurrent VTE or major bleeding (MB) or clinically relevant nonmajor bleeding (CRNMB); 3) We only included RCTs and prospective cohort studies and excluded case reports, review articles, guidelines, editorials, meta-analyses, and retrospective studies; 4) Only articles in English were selected for the final meta-analysis; 5) Only manuscripts with extractable primary data among patients with CAT were included in the final analysis.
Outcome Definition
The efficacy outcome of this study was defined as recurrent VTE, and the safety outcome was MB and CRNMB during patients receiving anticoagulant treatment. These recurrent VTE events could be asymptomatic or symptomatic, including deep vein thrombosis (DVT) and pulmonary embolism (PE). DVT and PE occurring in the same patient was recorded as single event. MB and CRNMB episodes were defined according to the criteria of the International Society on Thrombosis and Haemostasis (Schulman and Kearon, 2005; Kaatz et al., 2015) .
Data Extraction and Quality Assessment
Data were extracted into a standardized collection form by one investigator (YW) and verified by a second (HL). Data collected from each study included author, year of publication, study design, duration of patient follow-up, sample size, type of anticoagulation, mean age, male gender, and endpoint definition and incidence. Risk of bias for each study was using the Cochrane risk of bias tool for RCTs (Higgins et al., 2011) (Table 1) ; the evaluated domains included random sequence generation, allocation sequence concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other sources of bias. The quality of the prospective cohort studies were assessed using the Newcastle-Ottawa scale ( Table 2) ; the evaluated domains included representativeness of the exposed cohort, selection of the unexposed cohort, ascertainment of exposure, outcome of interest not present at start of study, control for important factor or additional factor, assessment of outcome, follow-up long enough for outcomes to occur, and adequacy of follow-up of cohorts. The degree of bias found in the individual studies were categorized into high, moderate, or low risk of bias according to the Cochrane risk of bias tool and the Newcastle-Ottawa scale.
Statistical Analysis
We performed meta-analysis for the efficacy and safety outcomes, assessed by relative risk (RR), and associated 95% confidence interval (CI), with a P < 0.05 considered statistically significant. We used the software Review Manager (RevMan, version 5.3, The Cochrane Collaboration, Copenhagen, Denmark) (DerSimonian and Laird, 1986) to create forest plots comparing RRs using the Mantel-Haenszel fixed-effects or random effects model. The Cochrane P value and the I 2 statistics was used to quantify the heterogeneity across the studies (Higgins et al., 2003) . Statistically, heterogeneity was considered to be present when Cochrane P value ≤0.05, and the I 2 statistics <25%, 25-75%, and >75% to represent low, moderate, and high degree of heterogeneity, respectively. Funnel plots were used to assess for publication bias. Subgroup analyses were conducted separately for the type of factor Xa inhibitors (e.g., rivaroxaban and edoxaban) and study type (RCTs vs. prospective cohort studies). Finally, considering heterogeneity between some studies, we carried out a sensitivity analysis by excluding one study at a time sequentially to evaluate the impact of individual data set on the overall effect estimate.
RESULTS
Study Selection and Characteristics
The flow diagram of the evaluation process is shown in Figure 1 . The literature search yielded a total of 2,696 related articles. After duplicates were removed, 2,667 entries were screened further. Further 235 records were excluded, as they were case reports, review articles, guidelines, editorials, or meta-analyses. Moreover, 2,195 records were excluded, as they were not relevant to our study aim based on the title and abstract. Full-text screening led to exclusion of 110 records, as these did not take the RCT or prospective cohort study designs and 118 records as these were found to be irrelevant to our study aim.
In the end, nine articles [six RCTs (Prins et al., 2014; Agnelli et al., 2015; Schulman et al., 2015; Raskob et al., 2016; Young et al., 2017; Raskob et al., 2018) and three prospective cohort studies (Ageno et al., 2016; McBane et al., 2016; Angelini et al., 2018) ] were included. A total of 2,697 patients with CAT received anticoagulant therapy with DOACs (apixaban, edoxaban, rivaroxaban, or dabigatran), and 2,852 patients received anticoagulant therapy with traditional anticoagulants (VKAs, LMWH, dalteparin, or enoxaparin). Five of the included studies recruited patients receiving anticoagulant therapy with rivaroxaban (Prins et al., 2014; Ageno et al., 2016; McBane et al., 2016; Young et al., 2017; Angelini et al., 2018) , two of the studies with edoxaban (Raskob et al., 2016; Raskob et al., 2018) , one with apixaban (Agnelli et al., 2015) , and one with dabigatran . The baseline characteristics of the studies included in this systematic review are shown in Table 3 , while the drugs used in the assessed studies are shown in Table 4 . (Figure 2) . Inspection of the funnel plot did not reveal publication bias (Supplementary Figure 1) . A subgroup analysis on studies comparing factor Xa inhibitors (apixaban, edoxaban, and rivaroxaban) with traditional anticoagulants was performed, demonstrating a lower recurrence for the factor Xa Inhibitors group (RR: 0.60; 95%CI: 0.48-0.74; I 2 : 5%; p < 0.00001) (Figure 3 Figure 2) while that of the prospective cohort studies did not demonstrate a statistical significance (Supplementary Figure 3) .
Bleeding Events
MB and CRNMB were evaluated in eight studies. Bleeding events occurred in 322 of the 2,592 patients (12.4%) treated with DOACs and in 323 of the 2,585 patients (12.5%) treated with traditional anticoagulants. The incidence rates of bleeding in patients with CAT treated with DOACs varied from 1.11 to 18.58%, and those in patients with CAT treated with traditional anticoagulants varied from 3.47 to 20.91%. No significant difference in bleeding risk was found between both groups (RR: 0.95; 95%CI: 0.67-1.36; I 2 : 75%; p = 0.79) (Figure 6 ). There did not appear to be a publication bias across studies based on visual inspection of the funnel plots (Supplementary Figure 4) . Three subgroup analysis on studies comparing factor Xa inhibitors (apixaban, edoxaban, and rivaroxaban), rivaroxaban, or edoxaban with not direct oral anticoagulants (nDOACs) was performed. There was no significant difference in bleeding risk between Factor Xa inhibitors group (RR: 0.92; 95%CI: 0.61-1.38; I 2 : 79%; p = 0.69) (Figure 7) , rivaroxaban group (RR: 0.68; 95%CI: 0.22-2.12; I 2 : 83%; p = 0.51) (Figure 8 ), or edoxaban group (RR: 0.96; 95%CI: 0.51-1.82; I 2 : 91%; p = 0.90) (Figure 9 ) and nDOACs group. Subgroup analysis based on study type did not reach statistical significance (RCTs: Supplementary  Figure 5 ; prospective cohort studies: Supplementary Figure 6) . Our meta-analyses demonstrated substantial heterogeneity between the studies (I 2 : 75-91%).
Sensitivity Analysis
Sensitivity analysis by the leave-one-out method was conducted to evaluate the impact of individual data set on the overall outcome. No individual study, when excluded, resulted in significant alterations in any of the study outcomes. 
DISCUSSION
The main findings of this systematic review and meta-analysis are that anticoagulant therapy with DOACs is more effective than traditional anticoagulants to prevent recurrent VTE in patients with CAT, while the safety of DOACs is equal to traditional anticoagulants.
Over the past years, the use of DOACs has increased significantly, offering alternative choices to traditional anticoagulants for a wide range of therapeutic indications, including non-valvular atrial fibrillation (Bhardwaj et al., 2018) and VTE (Tse et al., 2018) .
The prevalence of VTE in cancer patients is higher than that in patients who are not suffering from cancer. Cancer patients with VTE are also at a higher risk of recurrent VTE after anticoagulant therapy. However, the efficacy and safety of DOACs in cancer patients are still unclear.
A subgroup analysis of RCTs (EINSTEIN-DVT and EINSTEIN-PE) by Prins (Prins et al., 2014) published in 2014 found that rivaroxaban had a similar efficacy to prevent recurrence of VTE and reduced MB events compared with enoxaparin and VKAs in patients with CAT. A meta-analysis of RCTs, prospective and retrospective cohort studies , found that DOACs were more effective than LMWHs for the prevention of recurrent VTE but were associated with increased risk of bleeding. A network meta-analysis (Vedovati et al., 2018) , which included 12 RCTs with DOACs, VKAs, and LMWH, found that DOACs are more effective than VKAs and equal to LMWHs without significant differences in MB. However, another network metaanalysis of 13 RCTs (Sobieraj et al., 2018) found that DOACs are more effective than VKAs and LMWH in CAT but were associated with increased MB risk compared with LMWH. These different results may be due to the differences in the number, type, and quality of the studies included. Thus, there remains no consensus on the efficacy and safety of DOACs for the secondary prevention of CAT compared with traditional anticoagulants. Therefore, we conducted this study aiming to assess the value of DOACs for the secondary prevention of patients with CAT.
To our knowledge, this is the first meta-analysis summarizing the efficacy and safety of DOACs for the secondary prevention of patients with CAT including only RCTs and prospective cohort studies. RCT and prospective studies have a lower likelihood of selection bias and recall bias compared with retrospective studies. This is the reason why the latter study type was excluded. Our meta-analysis quantitatively assessed the value of DOACs in patients with CAT compared with all the traditional anticoagulants (VKAs, LMWH, dalteparin, and enoxaparin). Our results found that the recurrence rate of VTE in DOACs group was significantly lower than that in the traditional anticoagulant group and there was no significant difference in bleeding risk between the DOAC and traditional anticoagulant groups. In addition, of the nine studies we eventually included, only one assessed dabigatran . Hence, we performed a subgroup analysis concerning on factor Xa inhibitors (apixaban, edoxaban, and rivaroxaban) only. Five studies evaluated the use of rivaroxaban (Prins et al., 2014; Ageno et al., 2016; McBane et al., 2016; Young al., 2017; Angelini et al., 2018) , and two studies assessed the use of edoxaban (Raskob et al., 2016; Raskob et al., 2018) . There were some differences between the assessed studies, including study designs (RCTs and prospective cohort studies), drugs used, and cancer type. All of these factors could have contributed to the heterogeneity observed between the studies. Subgroup analyses were also conducted separately for RCTs and prospective cohort studies. The results of efficacy and safety were roughly the same as the main analyses, and the heterogeneity was also acceptable. Finally, sensitivity analysis by leave-one-out method did not demonstrate significant effects by any single study.
The pharmacological actions of DOACs are well established, involving the inhibition of either factor IIa or factor Xa directly. The clearance of DOACs is less affected by other factors unlike vitamin K antagonists, and DOACs are generally eliminated from the body quickly. Their onset is relatively rapid, and reversal agents are available in case of uncontrolled bleeding. Finally, the oral route of DOACs offers advantages over subcutaneous administration for patients' convenience. In summary, these potential mechanisms make DOACs an advantage for long-term secondary prevention of VTE recurrence in patients with CAT. Thus, a number of expert consensus are now recommending DOACs for the secondary prevention of patients with CAT. Together, our systematic review and meta-analysis contributes to the literature by providing clinicians and policymakers with new insight to aid decision making for patients with CAT. Future research studies should explore the roles of DOACs for primary prevention of CAT.
LIMITATIONS
Several limitations of this study should be noted. Firstly, only a small number of studies have been included in this systematic review and meta-analysis, with considerable differences in drugs assessed, which may have different efficacies and safety profiles. By grouping these diverse drugs into only two groups (DOACs vs traditional anticoagulants), differences between individual drugs might have been concealed, resulting in potentially skewed results. Secondly, it should be acknowledged that there were differences in baseline characteristics of the patients enrolled into each study, such as follow-up duration, sample size, age, and gender. Moreover, information on the type of cancer and previous patient medical histories were not available in all of the studies, making meta-regression analysis not possible. Thirdly, our meta-analysis demonstrated substantial heterogeneity between the studies in terms of safety (I 2 : 75-91%). We have not identified a source of heterogeneity but carried out a sensitivity analysis by excluding each included study individually, sequentially to evaluate the impact of individual data set on the overall outcome. The heterogeneity in terms of safety might have reduced the robustness of our conclusion. Finally, we have not performed a meta-analysis on DOACs for primary prevention of CAT because even a fewer number of studies were published when compared with secondary prevention. This is nevertheless an important topic, which remains to be explored in future studies.
CONCLUSIONS
Our findings showed that anticoagulant therapy with DOACs may be more effective than traditional anticoagulants to prevent recurrent VTE in patients with CAT, while the safety of DOACs may be equal to that of traditional anticoagulants. These findings support the use of DOACs as the first-line therapy for secondary prevention of CAT in most cancer patients.
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